In Drosophila, patched encodes a negative regulator of Hedgehog signaling. Biochemical experiments have demonstrated that vertebrate patched homologues might function as a Sonic hedgehog (Shh) receptor. In mice, two patched homologues, Ptch and Ptch2, have been identified. Sequence comparison have suggested that they might possess distinct properties in Shh signaling. In the developing tooth, hair and whisker, Shh and Ptch2 are co-expressed in the epithelium while Ptch is strongly expressed in the mesenchymal cells. We report here the chromosomal localization of Ptch2 and further analysis of Ptch2 expression. Throughout mouse development, the level of Ptch2 expression is significantly lower than that of Ptch. In early mouse embryos, Ptch and Ptch2 were found to be co-expressed in regions adjacent to Shh-expressing cells in the developing CNS. Similar to other epidermal structures, Shh and Ptch2 also show overlapping expression in the developing nasal gland and eyelids. Thus, during mouse development, Ptch2 is expressed in both Shh-producing andnonproducing cells.
Results
We recently identified a second mouse Patched gene Ptch2 (Motoyama et al., 1998) . Using fluorescence in situ hybridization, Ptch2 was mapped to mouse chromosome (Chr) 4C7-D1 (Fig. 1A,B) . The location is syntenic to human Chr 1p36-31.3, where multiple tumor suppressor genes have been mapped (Brodeur et al., 1977; Balaban et al., 1986; Sozzi et al., 1988; Dracopoli et al., 1989; Ross et al., 1995) . Using reverse transcriptase-polymerase chain reaction (RT-PCR) assays, we detected Ptch2 expression in the adult brain, stomach, intestine and kidney. A lower level of Ptch2 expression was also detected in the heart, lung and liver. When compared with Shh and Ptch expression, the level of Ptch2 expression appears to be significantly lower because generally 10 more cycles of PCR are required for the detection of Ptch2 signals (Fig. 1C) . Similarly, the level of Ptch2 expression during embryogenesis was also lower than that of Ptch (Fig. 1D) . In 8.5-9.5 days post-coitum (dpc) embryos, whole-mount in situ hybridization revealed a low level of Ptch2 expression in the presumptive brain and ventral part of the neural tube (Fig.  2B,E) . At 11.5 dpc, both Ptch and Ptch2 are expressed in the brain vesicle adjacent to the Shh expressing cells (Fig.  2G-I) . At spinal cord level, Ptch2 was expressed in the ventral half of the neural tube while Ptch expression was excluded from the floor plate (Fig. 2J-L) . In 14.5 dpc embryonic lung, stomach and intestine, both Ptch and Ptch2 expression could be detected in the mesenchymal (Fig. 3) . Consistent with our previous observations, we detected an overlapping expression of Ptch2 with Shh in other epidermal derivatives, the developing nasal gland and eyelids. At 11.5 dpc, Shh and Ptch2 are co-expressed in a restricted part of the nasal epithelium, which might be the primordium of the nasal gland (Fig. 4A,B) . Later at 14.5 dpc, their expression was found in the epithelial components of the developing nasal gland, whereas Ptch expression was only detected in the surrounding regions ( Fig. 4D-F) . In the eyelids at 14.5 dpc, Shh, Ptch and Ptch2 were co-expressed (Fig. 4G-L ). These observations indicated that both Ptch and Ptch2 show overlapping and non-overlapping expression with Shh during mouse embryogenesis. 
FISH mapping
A Ptch2 l phage clone was isolated from a mouse 129 genomic library using a partial Ptch2 cDNA as probe (Takabatake et al., 1997) and confirmed by partial sequencing. The entire phage clone was labeled and used in FISH mapping according to published procedures (Heng et al., 1992; Heng and Tsui, 1993) .
In situ hybridization and RT-PCR assay
In situ hybridization analysis and the probes have been described (Motoyama et al., 1998) . Transverse sections of 10.5-14.5 dpc embryos were used for in situ hybridization experiments. The primer sequences for Shh, Ptch, Ptch2 and GAPDH as well as PCR conditions were reported previously (Takabatake et al., 1997) .
